The aim of this study was to investigate the chemical composition and bioactivity of Amomum biflorum Jack harvested in the region of Petchaboon, Thailand. The essential oil of the fresh whole plant obtained by hydrodistillation was analyzed by gas chromatography (GC) (Kovats index) and gas chromatography coupled with mass spectrometry (GC/MS). The average yield of essential oil of A. biflorum was 0.21 ± 0.05 % (w/w). The major chemical constituents were camphor (17.6 %), α-bisabolol (16.0 %), camphene (8.2 %) and α-humulene (5.1 %). The essential oil was active against Staphylococcus aureus (MIC: 30 g/mL) and had an antioxidant activity with an ORAC index of 23 ± 5 μmol Trolox/mg.
In spite of their widespread uses, no systematic phytochemical studies have been undertaken on numerous species of Amomum. This is very likely the case for A. biflorum Jack, family Zingiberaceae, a perennial, herbaceous plant growing mostly on the edge of the tropical forest, mainly in Southeast Asian countries such as Thailand and Viet Nam. The plant can reach up to one meter in height. It produces many horizontal rhizomes with lengths varying from 20 to 100 cm. Essential oils extracted from Amomum species are widely used as antimicrobial agents [1] [2] and many are used as flavoring agents in traditional Thai food. All parts of the plants can be used and seem to have some fragrant properties. A. biflorum has been considered as an ingredient in Thai soap formulations, cosmetic products, and traditional Thai medicine [3] . Most recently, pharmacological studies showed that extracts of the plant possess various pharmacological activities, such as antimicrobial, antiinflammatory and sedative [3] [4] . The aim of this study was to determine the chemical composition and to evaluate the biological activity of the essential oil extracted from A. biflorum.
The essential oil was isolated from the fresh whole plant. The maximum yield was obtained after 6 hours of steam distillation, with an average yield of 0.21 ± 0.05 mL. The composition of the essential oil was analyzed using two gas chromatography methods to separate and identify the components, including gas chromatography (Kovats index) and gas chromatography coupled with mass spectrometry. The identification of the individual components was based on: 1) statistical matching between the mass spectra obtained experimentally and those found in the NTIS-05 mass spectra data bank (GC-MS-DB); and 2) on the calculated Kovats index compared with those found in the scientific literature [5] and our databases. The results are recorded in Table 1 .
In total, 55 compounds were identified, which corresponds to 81.6% of the total area. This percentage is based on the standardization of the areas of peaks without application of the response correction factor. The major components of the essential oil were terpene hydrocarbons, of which 11.7% were monoterpenes and 11.2% sesquiterpenes, and oxygenated terpenes, of which 26.5% were monoterpenes and 25.0% sesquiterpenes. Camphor was the major component of the essential oil (17.6%), followed by α-bisabolol (16.0%), camphene (8.2%) and α-humulene (5.1%). Numerous small peaks were not considered in the calculation because they did not correspond to either a certified Kovats index or presented uncertain MS data. However, for each of them, the percentage of the area was lower than 0.5%.
The antibacterial activity of the essential oil A. biflorum was evaluated against Escherichia coli (Gram-negative) and Staphylococcus aureus (Gram-positive) using a microdilution assay [6] . The oil was inactive against E. coli, but significantly active against S. aureus with an IC 50 value of 15.3 ± 0.3 g/mL and a MIC of 30 g/mL. The major components of the oil, including αbisabolol, camphene, and camphor, are known for their antibacterial properties and are probably involved in the activity [7] [8] [9] . Moreover, α-bisabolol, a sesquiterpene with a tertiary alcohol group, has been reported to be active against Gram-positive bacteria such as S. aureus [10] .
The antioxidant activity of the oil was also assessed using the ORAC assay [11] . Quercetin was used as positive control. The results, expressed as µmol Trolox/mg, show that the ORAC value of the oil (23 ± 5 µmol Trolox/mg) is similar to that of quercetin (22 ± 1 µmol/mg). This high antioxidant activity could be due, in part, to the presence of camphor, which has known antioxidant properties [12] . The antioxidant activity of the essential oil was also evaluated using a cell-based assay [13] . The oil inhibited the oxidation of intracellular DCFH with an IC 50 of 390±78 µg/mL (data not shown). Finally, the cytotoxicity of the essential oil was evaluated using the resazurin assay [14] . The essential oil was not cytotoxic against human skin fibroblasts WS1 at the highest concentration tested of 400 µg/mL.
Experimental
Plant material: Samples of the whole plant of A. biflorum, including stems, leaves, and rhizomes, were harvested during July 2011 in the Petchaboon area, located in central Thailand. Immediately after collection, the plants were washed and stored at 6°C and 60% humidity in a controlled room until the extraction process. 
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KI = Kovats index; MS = Mass spectrometry
Isolation of essential oil and extraction yield:
The essential oil was obtained by hydrodistillation of 200 g of fresh plant material in 1 L of water using a Clevenger steam distillation apparatus for 2-8 h [15] . The duration of the process varied from 2 to 8 h to determine the optimum extraction time. The oils yields were based on the fresh weight of the raw material. Subsequently, the collected essential oils were stored in the dark at 4°C until the chromatographic analyses. The yellowish oil obtained possessed a distinct odor. The refractive index of the oil was 1.4920.
Gas chromatography and gas chromatography-mass spectrometry:
The essential oils were diluted in n-pentane (0.8% v/v). A volume of 4 µL of diluted essential oil was directly injected into the gas chromatograph (Agilent 6890N), which was equipped with a flame ionization detector and an auto-sampler (Agilent 7683). Injection was in split mode using a split ratio of 50/1 with the injector temperature being maintained at 260°C. The components of the essential oil were separated simultaneously on 2 chromatographic capillary columns: a polar column (Supelcowax-10) and an apolar column (DB5), both being of 30 m length, for the Kovats index determinations. The chromatographic conditions were: gas carrier, helium, at a flow rate of 1.4 mL per min, temperature ramp from 40°C to 280°C at a heating rate of 2°C per min. The chromatographic data were collected and processed using Agilent ChemStation software. The Kovats indexes were then calculated using hydrocarbon reference standards. The GC-MS-DB system included a gas chromatograph (Agilent 6890N) coupled with a mass spectrometer (Agilent 5973 triple axis mass selective detector) and equipped with an auto-sampler (Agilent model 7683B). For MS analysis, the sample was injected on-column and the compounds were separated using a 30 m length apolar capillary column (DB-5, J.W. Scientific). The MS obtained from the scanning mass range of 50-650 m/z were subsequently statistically compared with the spectra of the NTIS-05 mass spectra data bank included with the computer software package (Agilent ChemStation). Antibacterial assay: Antibacterial activity was evaluated using the microdilution method [6] , but with some modifications. Briefly, exponentially growing bacteria were plated in 96-well flat bottom microplates (BD Falcon) at a density of 6×10 3 CFU Gram-negative E. coli (ATCC 25922) or 6×10 4 CFU Gram-positive S. aureus (ATCC 25923) per well in 100 μL nutrient broth (Difco). Increasing concentrations of compounds in DMSO (Sigma-Aldrich) were then added (100 μL per well). The final concentration of DMSO in the culture medium was maintained at 0.25% (v/v) to avoid solvent toxicity. The microplates were incubated for 6 h at 37°C. Absorbance was measured after 6 h on an automated Varioskan plate reader (Thermo-Labsystems) at wavelengths of 600 nm.
ORAC assay:
The procedure was modified from the method described by Ou et al. [11] . In brief, the ORAC assay was carried out in Nunk black flat-bottom 384-well plates on a Fluoroskan Ascent F1 TM plate reader (Labsystems). Essential oil was solubilized in 7% RMCD (randomly methylated beta-cyclodextrin Antioxidant cell-based assay: Cellular antioxidant potential was tested as described previously [13] , with some modifications. Briefly, WS-1 cells were seeded at 10 000 cells per well in 100 µL DMEM with 10% fetal bovine serum in 96 well transparent flatbottom microplates (Greiner, Bio-One) and incubated for 24 h at 37°C in 5% CO 2 . Culture medium was removed and DCFH-DA 5 µM was added to 100 µL HBSS, pH 7.4, and the microplates were incubated for 1 h. DCFH-DA solution was removed and increasing concentrations of essential oil solubilized in DMSO were added in 100 µL HBSS and incubated for 1h 30. The final concentration of DMSO in the culture medium was maintained at 0.25% (v/v) to avoid solvent toxicity. Oxidative stress was then applied with tert-BuOOH at a final concentration of 200 µM in HBSS. Fluorescence was read ( ex: 485,  em: 530) immediately after tert-BuOOH addition and 2 h later. Oxidation was calculated from the fluorescence increase of each tested concentration and percentages were calculated in comparison with negative control (without antioxidant) where maximal fluorescence was developed. Concentration-response was fitted by polynomial regression to obtain the IC 50 value.
Cytotoxicity assay:
Exponentially growing cells were plated in 96well microplates (Costar, Corning Inc.) at a density of 5x10 3 cells per well in 100 µL of culture medium and allowed to adhere for 16 h before treatment. Increasing concentrations of each compound in DMSO (Sigma-Aldrich) were then added (100 µL per well) and the cells incubated for 48 h. The final concentration of DMSO in the culture medium was maintained at 0.5% (v/v) to avoid solvent toxicity. Cytotoxicity was assessed using resazurin [14] on an automated Fluoroskan Ascent FL TM plate reader (Labsystems) using excitation and emission wavelengths of 530 nm and 590 nm, respectively. Fluorescence was proportional to the cellular metabolic activity in each well. Survival percentage was defined as the relative fluorescence of treated cells in comparison with the fluorescence of untreated cells according the following formula: [relative fluorescence of treated cell/relative fluorescence of untreated cells]×100. Each experiment was carried out 3 times in triplicate.
Statistical analysis:
In all studies the values were expressed as means ± standard deviation of 3 determinations. The results were analyzed by the Kruskal-Wallis test followed by a Student-Newman-Keuls' post hoc test. P values of 0.05 or less were considered as statistically significant.
